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Seismic Response of Subsurface Ground with Use of 
Measured Underground Acceleration 
T. Iwasaki, K. Kawashima and Y. Takagi 
Ground Vibration Division, Earthquake Disaster Prevention Department, Public Works Research 
Institute, Ministry of Construction, Tsukuba Science City, lbaraki-ken, Japan 
SYNOPSIS The seismic response of subsurface ground is investigated based on the measured underground accelera-
tion records at three sites around the Tokyo Bay induced by several moderate earthquakes, Variations of maximum 
ace elerations with respect to depth are described in both horizontal and vertical components, Amplification of 
acceleration in underground is presented in terms of frequency response function, Correlations of the underground 
accelerations between theoretical calculation and actual records are also discussed. 
INTRODUCTION 
Due to damages experienced through the past earth-
quakes, it has been well recognized that seismic 
damages strongly depend on the subsurface geological 
condition, Thus it is essential to investigate the effect 
of geological situation on the ground motions induced by 
sever earthquakes, Although considerable interests 
have been concentrated on such effects, limited re-
searches have been undertaken based on the actual data 
of subsurface ground responses, 
The strong motion observations on and under ground 
have been conducted at four sites around the Tokyo Bay, 
i,e,, Ukishima Park in Kawasaki City, Futtsu Cape in 
Chiba Prefecture, Kannonzaki in Yokosuka City and 
Ohgishima in Yokohama City, The observations were 
initiated in 1970 through 1974 by the Kanto Regional 
Construction Bureau, Ministry of Construction, with the 
cooperation of the Public Works Research Institute, 
Three-component bore-hole accelerometers were 
installed at four levels, i,e,, the surface, 27m, 67m, 
and 127m beneath the surface at the Ukishima Park, 
where soil profile consists of alluvial soft reclaimed 
soils, silts, clays and sands with the total thickness of 
approximately 50m underlaid by diluvial formation 
(refer to Fig, l). The N -value of the standard penetra-
tion test is less than lO for the alluvium and almost 50 
or more for the diluvium, At the Kannonzaki, consisting 
of siltstone with a shallow top soil, three borehole 
accelerometers are set up at the surface, 80m and 120m 
beneath the surface, At the site of Futtsu Cape, where 
comparatively uniform sand layers exist, three borehole 
accelerometers are set up at three levels, i.e,, the 
surface, ?Om and 110m below the surface, 
Several records have been triggered up to the present at 
the four sites, and 16 of these records as shown in Table 
-1 have the maximum surface acceleration over lO gals. 
They were induced by 8 small and moderate earthquakes 
with magnitude of 4,8 through 7,2 in the Richter scale, 
Since few records have been obtained at the Ohgishima, 
descriptions are given for the remaining three sites, 
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VARIATION OF MAXIMUM ACCELERATION IN 
GROUND 
The variations of maximum accelerations with respect to 
depth are presented in Fig, l for the Ukishima Park, 
Futtsu Cape and Kannonzaki, It is obvious from the 
results that the variations of maximum accelerations 
depend on the site, direction and earthquake character-
istics, It should be noted that although the maximum 
acceleration generally decreases in amplitude with 
increasing depth in underground, there are some cases 
when the underground accelerations are larger than the 
surface accelerations, 
Fig. 2 represents the averaged variation of the maximum 
accelerations shown in Fig, 1 taking the surface maxi-
mum acceleration as unity. The standard deviation a 
from the averaged vari<~:tion m is also presented in the 
figure, The averaged variation of the maximum. accel-
eration clearly depends on the site conditions and 
components, i, e,, comparing with the surface accelera-
tion in the horizontal component, the underground accel-
eration decreases as much as 60 o/o at the depth of 127m 
at the Ukishima Park, while the acceleration at the 
depth of 120m decreases only 20 o/o at the Kannonzaki, 
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FIG. 1 VARIATION OF MAXIMUM ACCELERATION 
WITH RESPECT TO DEPTH 
Turning now to the variations of the maximum accelera-
tion in the vertical component, they are approximately 
the same with the variations in the horizontal compo-
nents. 
Of particular interest is the large standard deviation a 
from the averaged variation m at the Kannonzaki 
comparing with the small deviation at the Ukishima 
Park, The deviation at the Futtsu Cape is between those 
at the Kannonzaki and Ukishima Park, Denoting that the 
ground records at the three sites were triggered by the 
same group of earthquakes, it would be deduced that the 
deviation of vertical variation increases with the ground 
being firm, This implies that at the Ukishima Park, 
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consisting of soft soil deposits, the arnplification of 
acceleration is less dependent on the earthquakes, while 
at the Kannonzaki consisting of uniform siltstone, the 
amplification depends significantly on the earthquakes, 
FREQUENCY RESPONSE CHARACTERISTICS 
The amplitude of frequency response function l!!ij (w) I 
between each set of adjacent recording points i and j 
were calculated in the form 
I H;j (w) I= v' sj (w) / S; (w) 
, where S; (w) and Sj (w) represent spectral density 
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RECORDING 
of the acceleration records at the respective depthes of 
i and j, Figs. 3 and 4 represent the frequency response 
functions thus estimated by Eq, (l) for horizontal com-
ponents at the Ukishima Park and Kannonzaki, respect-
ively, and Fig,S represents those of vertical components 
at the Ukishima Park, Comparing Fig. 3 with Fig, 4, it 
is understood that at the Ukishima Park the frequency 
response functions have several sharp peaks with the 
amplification of acceleration being large while at the 
Kannonzaki they are rather uniform in the frequency 
domain with the amplification being approximately unity. 
Clear distinction of the frequency response function can 
also be observed between the horizontal components 
(Fig,3) and the vertical components (Fig,S). The fre-
quency response function of the vertical components do 
not have so sharp peaks of amplification as the case of 
the horizontal components, 
PREDICTION OF UNDERGROUND MOTION 
It is of interest to examine the accuracy of theoretical 
analysis in predicting underground motions basing upon 
the surface motion. For this purpose, the underground 
accelerations were computed theoretically by specifying 
the recorded acceleration on the surface, and correla-
tions between the computed and measured responses of 
acceleration were conducted. One dimensional shear 
column model based on shear wave propagation theory 
was employed for the calculation. Because the recorded 
responses shown in Table l have small acceleration in 
amplitude, the calculated shear strain was so small that 
it was found appropriate to use shear moduli correspond-
ing to low strain, A damping ratio of 2 o/o of critical was 
adopted in the calculation because this value gives the 
most appropriate agreement of the calculated responses 
with the recorded ones, 
Figs. 6 and 7 show the correlations of underground 
accelerations thus calculated for the Ukishima Park and 
Kannonzaki, respectively. These two records were 
triggered by the earthquake of May 9, 1974 with the 
magnitude of 6, 9 in Richter scale (refer to Table l). 
Excellent agreement can be seen for the both correla-
tions, They can be employed for the engineering purpose 
with careful examination on the characteristics of the 
underground motions, 
CONCLUSIONS 
Based on the results presented, the following conclusions 
may be deduced : 
( 1) The variation of maximum acceleration with respect 
to depth depends significantly on the subsurface geological 
condition, i.e., comparing with the surface accelera-
tion, the underground accelerations at the depth of 127m 
decrease as much as 60 o/o at the Ukishima Park (soft 
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alluvium) and those at the depth of 120m decrease only 
20 o/o at the Kannonzaki (uniform siltstone). 
(2) Although the acceleration generally decreases in 
amplitude with increasing depth, there are some cases 
when the underground acceleration are appreciably 
larger than the surface accelerations, 
(3) The variations of underground maximun< accelera-
tion have large deviation from the average at the 
Kannonzaki while they are small at the Ukishima Park, 
It is deduced that the amplification of acceleration is 
less sensitive to the characteristics of earthquakes at 
the site consisting of soft soil deposits, while it is 
sensitive to the earthquakes at the site consisting of stiff 
soils, 
(4) Frequency response functions (amplitude) between 
two vertically located recording points for horizontal 
component have several sharp peaks with large amplifi-
cation of acceleration at the Ukishima Park, and they 
are rather uniform in the frequency domain with the 
amplification of acceleration being approximately unity 
at the Kannonzaki, The frequency response functions of 
the vertical components are very much different with 
those of the horizontal components, 
(5) Prescribing the measured surface accelerations, 
underground accelerations can be predicted with good 
accuracy with use of one dimensional shear column 
model based on shear wave propagation theory, 
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